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An increasing body of literature considers the question of 
how mate choice is influenced by the social environment of the 
choosing individual (non-independent mate choice). For example, 
individuals may copy the mate choice of others. A very simple 
form of socially influenced mate choice, however, remained 
comparatively little investigated: choosing individuals may adjust 
their mate choice to the mere presence of rivals. Recent studies 
in our groups1-4 have examined this question. Using live bearing 
fish (mollies, Poecilia spp.) as a model, we could show that (a) 
males will copy the mate choice of other males,5 (b) males cease 
expressing mating preferences in the presence of a conspecific rival 
male,1,2 whereas (c) females copy each other’s mate choice, but 
are otherwise not affected by an audience.3 (d) Most importantly, 
males, when presented with an audience (potential rival), first 
approached the previously non-preferred female, suggesting that 
males attempt to lead the rival away from their preferred mate, 
thereby exploiting male mate choice copying behavior.4 We discuss 
that these effects are best explained as male adaptations to reduce 
the risk of sperm competition in a highly dynamic mating system 
with frequent multiple mating.

Sexual selection theory often assumes that optimal mate choice is 
based on an inner representation of the best possible mate.6 However, 
several studies have shown that individuals copy the mate preferences 
of other individuals and use social cues for decision-making.7-10 
Such studies provide compelling evidence that female and male 
mate choice is not independent, but influenced by social conditions. 
Consequently, mate choice decisions must be viewed not as dyadic 
interactions between a chooser and a chosen individual, but as parts 
of a network with multiple senders and receivers of information 
(Fig. 1),11 and signaling interactions are very complex. Obviously, 
animals observe interactions between other individuals and inter-
cept the information transmitted. Even when only two individuals 

attempt to communicate directly, the presence of neighboring indi-
viduals can affect the behavior of the signaler and/or the receiver.12,13 
Consequently, recent work has started using other experimental 
approaches, in addition to the classical binary choice test.

Most studies on information exchange in animal communication 
networks have either focused on (a) how an individual observing two 
or more other communicating individuals alters its own behavior 
or physiology14 in relation to the observed communication event 
(“eavesdropping”15-18) or (b) how the observing (“by-standing”) 
individual influences the behavior of a pair of communicating indi-
viduals (“audience effect”19,20).

Socially Influenced Mate Choice

In the context of mate choice, several studies have examined 
socially influenced (non-independent) mate choice of an observing 
individual in a communication network.9,10 For example, females 
may learn to evaluate the quality of males while eavesdropping on 
male-male interactions,15-18 or individuals may base their mate 
choice decisions on whether they had seen other members of their 
own sex sexually interact with a potential mating partner (mate 
choice copying21). Also, males of the live bearing fish Poecilia latip-
inna copy the mate choice of other males.5 Schlupp and Ryan5 
argued that in live bearing fishes sexual attention by other males 
probably serves as an indicator that the female is in the receptive 
stage of her approximately monthly sexual cycle, during which time 
copulations are more likely to fertilize the female’s oocytes.

It seems straightforward to assume that signaling and mate 
choice decisions will be adjusted under the risk of being watched by 
another individual. Consequently, mating decisions must be viewed 
as context-dependent. To date, however, audience effects have been 
examined primarily in a non-sexual context. For example, a female or 
a male audience may influence the intensity of aggressive male-male 
interactions.13,22 Given that mate choice in many species almost 
inevitably takes place in a social environment (i.e., in front of an 
audience), more effort is needed to examine whether and how the 
presence of an audience influences mate choice decisions.

Effect of an Audience on the Expression of Male Mating 
Preferences

In summary, when mating preferences are influenced by the mere 
presence of an observing individual, this represents a simple, but 
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probably very widespread form of socially influenced mate choice 
(Fig. 1). Despite an increasing knowledge about the evolution of 
“innate” mating preferences (example in refs. 6 and 23), little is 
known so far about the expression of mating preferences in response 
to a social interaction network.12 In nature, communication during 
mate choice is rarely binary like in classical, standardized mate 
choice experiments (Fig. 1), but rather several individuals interact, 
and communication networks prevail. Understanding the role of the 
social environment for the expression of mating preferences will also 
be important to explain an evolutionary conundrum, namely, the 
maintenance of pronounced variation in the chosen sex in a given 
population despite apparently strong, directional sexual selection by 
mate choice (reviewed in ref. 24).

Do audience effects influence mate choice decisions in poeciliid 
fishes beyond mate copying? In one study,1 we examined if the 
presence of an audience—a conspecific male as a potential compet-
itor—affects male mate choice in the Atlantic molly (P. mexicana), 
a small Mexican live bearing fish. Males were given an opportunity 
to choose between two females that were presented visually, and we 
observed whether their initial association preference would be altered 
when another (audience) male was present. Examining the influ-
ence of an audience on mate choice decisions in this set-up includes 
interactions between four individuals: the choosing (focal) male, two 
stimulus females, and the audience male (Fig. 2). All individuals 
could visually interact, but all except the focal male were confined to 
a defined location. Hence, the audience male could not approach the 
stimulus females to directly interact with them like in studies exam-
ining male mate choice copying.5 Males were given an opportunity to 
choose between a conspecific and a heterospecific female (P. formosa, 
a syntopic, sperm-dependent parthenogenetic species25) or a large 
vs. small conspecific female, and the males’ association times near 
the two types of females were determined as an indicator of mate 
choice. During the second part of the tests we visually presented an 
audience male to the focal male, and we compared male association 
preferences between the two parts (Fig. 2).

In both experiments the focal males spent less time near the 
initially preferred female, and spent more time near the initially 
non-preferred female when we presented a conspecific audience male 

during the second part of the tests (Fig. 3). When we presented a 
heterospecific (Xiphophorus hellerii) male instead, the change in male 
preferences was significantly weaker. Male preferences were highly 
consistent when we presented no audience male during the second 
part of the tests. Very similar results were obtained when the behavior 
of the related Sailfin molly (P. latipinna) was examined.26

This study highlights that the social environment indeed has an 
important effect on the expression of mate choice decisions, and even 
the mere visual presence of a conspecific audience can affect asso-
ciation preferences (as an indicator of mating preferences). Basically, 
three explanations seem possible: first, males may move away from 
the preferred female to avoid agonistic interactions when competing 
with a rival for the same female. Second, altering mate choice may 
just be a by-product of the focal males being diverted from mate 
choice (the “split-attention” hypothesis). Third, altering mate choice 
may be adaptive, e.g., because males avoid sperm competition.

Audience Effects: Adaptive or a Side Effect of Split-Attention?

This problem was addressed in subsequent studies. In one study 
we asked if visual audience effects influence male mate choice 
decisions also in light-reared individuals of the cave form of P. mexi-
cana.2 Cave mollies were particularly interesting to study because (a) 

Figure 2. Experimental set-up used to examine the effects of a visually pre-
sented audience on (male) mate choice decisions using simultaneous choice 
tests.1 During the first part of a trial, a focal male could choose between two 
simultaneously presented stimulus females. During the second part another 
(audience) male was visually presented in the neutral zone. For display 
purpose, fish are depicted at a supernatural size. The color code follows 
Figure 1.

Figure 1. Model of a simple communication network during (A) a binary 
preference test and (B) a preference test with an audience. S1, S2 refers to 
the stimuli, (c) refers to the chooser, (a) refers to the audience. The arrows 
indicate potential interactions. Several simple communication networks have 
been described as simultaneous communication networks.13
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when an audience was presented, because 
focal females during the tests dedicated a 
considerable part of their time to the audi-
ence females.3

Males Deceive Rivals about Mating 
Preferences

In a recent study4 we examined a 
possible adaptive function of the described 
audience effect in P. mexicana males. In 
this study we used a full contact design, in 
which individual focal males could interact 
freely with a large and a small conspecific 
female, or a conspecific female and an 
equal-sized P. formosa. In both experiments, 
all males underwent an initial test to estab-
lish their baseline preferences and were 
randomly retested either with an audience 
male present, or—as a control—without an 
audience. Again, the audience males were 
presented in a clear Plexiglas cylinder, to 
avoid physical interactions. We measured 
nipping (a sexual behavior that typically 
precedes actual mating), gonopodial thrusts 
(i.e., attempts to insert the male copulatory 
organ into the female genital opening) and 
the first sexual interaction, which signifies 
the male’s initial mating preference.

During the first part of experiment 1, 
males directed significantly more nipping 
and copulations towards the larger female, 
and conspecific females were preferred in 
experiment 2 (Fig. 4). When no audience 
male was presented during the second part 
of the tests (control), male preferences were 
highly consistent and essentially unchanged. 
The result was completely different when an 
audience male was present: males showed 

no longer a preference for larger females as measured as nipping and 
thrusting. In experiment 2, they even performed significantly more 
nipping with the heterospecific female (Fig. 4B). Overall, mating 
activity was reduced when an audience was presented.

During the first part of the experiments, most focal males first 
interacted with the large or conspecific female, respectively. Again, 
this preference remained unchanged when no audience male was 
presented during the second part. However, males first interacted 
significantly more often with the opposite, i.e., previously non-
preferred female, when a competitor was present (Fig. 4, below). 
We argue that this behavior is used to deceive competitors about the 
focal male’s preferred mate. This deception should work powerfully 
because molly males are known to copy other males’ mate prefer-
ences and even switch to heterospecific females after an opportunity 
to copy.5

Providing information that directs the mate preferences of rivals 
away from the focal male’s potential mate could reduce sperm 
competition, which is intense in poeciliids due to internal fertiliza-
tion and sperm storage.30,31 Sending deceptive signals and leading 

they have maintained eyes as well as a response to visual cues27,28 
and (b) cave mollies have genetically reduced aggressive behavior.29 
This allowed us to ask if audience effects would occur also in a 
system were avoidance of aggressive encounters between the two 
males plays no role. When comparing the response of surface and 
cave dwelling P. mexicana males to an audience, the observed effect 
did not differ statistically between populations. This study suggested 
that male audience effects in poeciliids might be independent of the 
perceived risk of aggressive encounters (i.e., males do not just move 
away from the initially preferred female to avoid aggressive encoun-
ters with the rival).

Another line of argument in favor of the hypothesis that altering 
mate choice in the presence of rivals is adaptive for males comes 
from the observation of female mate choice.3 When we tested for an 
effect of a same-sex audience on the expression of females’ mating 
preferences in P. mexicana (surface and cave form) and the related 
P. formosa, no effect of an audience female on female mate choice 
behavior was observed. If the split-attention hypothesis were true, 
then also females should have altered their mate choice behavior 

Figure 3. The time P. mexicana males spent associating with one of the two females in simultaneous 
choice tests (A conspecific vs P. formosa stimulus females; B large vs small conspecific females). During 
the first part the male was alone in the test tank, during the second part an audience male was visually 
presented. In treatment 1 a conspecific male was used as audience male, in treatment 2 no audience 
male was presented (“control”), and in treatment 3, a swordtail male was the audience. Gray bars 
indicate time spent near the initially preferred female, open bars indicate time spent near the initially 
non-preferred female.1
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the potential for males to show deceptive behavior in natural popu-
lations, because male mate choice copying cannot be evolutionarily 
stable if males always have an opportunity to deceive rivals.
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 competitors away from a preferred female may be a powerful alter-
nate mating strategy providing relief from sperm competition in 
highly dynamic mating systems like that seen in poeciliid fishes. 
Deception appears to have evolved as a counter-strategy in a system 
with a high potential for male mate choice copying.

It will be important for future studies to test a central hypothesis 
derived from this study, namely, that deception indeed evolved as a 
counter-strategy in the face of male mate choice copying. We propose 
a comparative approach of testing for a correlation between the 
strength of male mate choice copying (for the experimental design 
see5 and deceptive behavior4 in various poeciliid species/populations. 
Based on our current data, we predict that deceptive behavior will 
occur only in species/populations with a high potential for male mate 
choice copying.

Future studies will also need to evaluate the potential for males 
to eavesdrop on other males’ mate choice (mate copying) as well as 

Figure 4. Change of mating preferences in the presence of an audience in P. mexicana males. During the first part (left), the focal male could interact with 
two females without an audience (A: large and small, B: conspecific and P. formosa females). During the second part of the trials, half of the males were 
visually presented with an audience male (middle), while another half of the trials were repeated without an audience (right). The direction of male prefer-
ences was determined using paired t-tests. Note that that the direction of male preferences remained unchanged when no audience male was presented 
but was altered when an audience was visually presented. Below: the female with which the focal males first interacted (Binomial test). Given is the fraction 
of males first approaching either type of females (bars) and the numbers of males (inserted numbers). Note that most males first interacted with the initially 
non-preferred female when an audience was presented.4
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